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Abstrakt 
Diplomová práce se zabývá určením rozsahu oprav telefonů ve firmě Mobilshop 
Valenta Petr, přičem jsou použity pokročilé metody modelování, konkrétně pak  
fuzzy logika. Cílem práce je vytvoření modelu, který usnadní, zpřesní a urychlí práci pří 
zpracování každé zakázky. 
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Abstract 
The thesis focuses on evaluation of the scope of repairs of the mobile phones at 
Mobilshop Valenta Petr, in order to meet this objective, advanced modelling methods 
have been used – namely fuzzy logic. The goal of this thesis is to propose a software 
solution that would make processing of all service orders easier, faster and more 
accurate.  
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Introduction 
The following thesis revolves around application of “fuzzy logic” to determine the 
scope and complexity of a repair or rather service of a product. The text is structured 
into several chapters in order to provide a concise outlook of the issue. 
 
The first part of the thesis gives an overview of the firm – “Petr Valenta Mobil Shop”, 
characterises it and analyses internal processes which helps to put the issue of repairs in 
a whole concept. 
 
The ensuing part brings the attention to the service process in the firm which are the 
main focus of this thesis. 
 
The following chapter analyses the methods used in the practical part of the paper – 
fuzzy logic. In this chapter the principles, foundations, history and concept of fuzzy 
logic is being explained. 
 
After the theoretical background comes the practical part where the issue of service and 
repairs is being automated using above mentioned fuzzy logic, in order to achieve this 
MS Excel and MATLAB are used.  
 
The last part of thesis evaluates the results and assesses the applicability of the fuzzy 
logic in the firm. 
 
The goals of the thesis 
The goal is to create a solution that would help the in-store personnel evaluate the cost 
of the service required and hence offer a price that would ensure profitability of the 
service rendered. The application should be easy to handle, give clear information and it 
must be possible to use it repeatedly and swiftly.  
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1 About the firm 
In the first chapter reader can get a closer look at the actual firm which is the subject of 
this study. It is also essential to properly characterise the firm in order to understand that 
resolving the cost/profitability issue of the repairs is of a significant consequence. 
 
1.1 The history and characteristics of MVP 
The full name of the company is “Mobilshop Valenta Petr”. This firm started in 2003 as 
simple stall in a small size shopping centre in Olomouc offering a limited range of 
products. Since then the stall has turned into a full-fledged shop which is due to undergo 
yet another renovation in the near future. Mobilshop Petr Valenta also partly owns 
another shop with mobile devices and accessories in the centre of the town. 
 
Nowadays this small size company offers a wide range of products and service, putting 
an emphasis on a satisfied customer [See appendix 1]. There are currently 4 employees 
including the owner. Two employees serve customers directly at the shop, there is also a 
technician who takes care of all the services. The motto of the shop is: “we offer 
something extra” and it mostly relates to the ability to provide service for the phones of 
all brands and models which is hard to come by and it is indeed the quality of service 
(in this paper service means a repair of a mobile device) what differentiates Mobilshop 
Valeta Petr (further in the text abbreviated as MVP) from other retailers and service 
providers.  
 
1.2 MVP SWOT analysis 
 
Strengths:  
· Location 
· Adaptability 
· Approach 
Weaknesses: 
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· Size 
· Competition 
Opportunities: 
· Expansion 
Threats: 
· Dynamic environment  
 
The location of MVP main shop is a small shopping centre in Olomouc near the main 
train station. See picture below. 
Picture number 1: Senimo shopping centre 
 
Source: http://www.senimo.cz/olomouc-prodejny-498 
 
Not only is Senimo the closest shopping centre close the train station, it is also 
surrounded by residential areas. [See Appendix 11] There are two main entrances into 
the centre and Mobilshop is located right at one of them, this stall positioning is very 
advantageous since everyone sees it right away when they enter. It could be objected 
that for people coming through the other entrance the shop is located on the opposite 
side of the building, this is true, however, routes that connect the main facilities such as 
restaurant, mini-market always lead the customers to the vicinity of the shop.[See 
picture 2] 
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Picture number 2: Mobilshop Valenta Petr 
 
Source: http://www.senimo.cz/olomouc-prodejny-498 
 
Other strength of MVP is its small size and ability to adapt to rapidly changing 
conditions. In small firms the person of owner-manager and at the same time the biggest 
stakeholder plays a vital role.  Good example could be the shift in demand of the mobile 
phones. Often people take a phone from their network providers because it is at a highly 
discounted price and small retailers or even the big ones simply cannot compete, this 
resulted in shift of demand in case of new phones (considering only retailers). 
Mobilshops had to offer something else to “earn their keep” and started selling 
accessories, selling used goods and provide service.  
 
The other main thing that makes MVP successful is the approach to customers. 
Business takes place on a very personal level and there is almost no issue that would not 
get solved. 
 
Among the greatest weaknesses of MVP is naturally its size, it cannot afford to invest 
considerably into its own developments and, despite of some owner’s accomplishments 
in this area, he cannot influence the supplier’s prices either. Gadget market is a very 
dynamic and rapidly evolving one it is therefore of interest to many entrepreneurs and 
the competition is thus intensifying keeping the margins low. 
 
Expansion opportunities for MVP are understandably limited and the only feasible 
scenario would be renting a stall at other shopping centre in Olomouc or setting up a 
shop in the centre of the town, preferably sharing space with other businesses such as 
Money Exchange. 
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Concerning threats it is very difficult to analyse anything specific, the reason for 
problems at MVP in the past were mainly the crisis, or simply decrease in demand.  
 
1.3 The concept of MVP 
As previously mentioned, MVP makes its profits from several core activities, these are:  
 
· Selling new mobile phones suitable for Czech market  
· Buying out and reselling of used products – as an alternative to buying a 
new device 
· Selling accessories such as covers, phones bags, decorative trinkets, 
hands-free accessories, phone holders for “phone while driving” etc.  
· Rendering service/repairs as well as resolution of software issues  
 
Picture number 3: 4 core activities of MVP 
 
      Source: Constructed by author 
 
The last of the four core activities of MVP is the one this thesis focuses on.  The 
company owner has naturally been with the firm from the very beginning and is 
therefore well capable of handling all business activities but as the scope of his firm has 
increased he needed additional help with running the shop – employees.  
 
New products 
 
   Used products 
 
Accessories Service 
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According to his own words the activity of rendering service is a tricky one. It is indeed 
one thing to be selling a product at a given price, determining the severity and 
subsequently the cost of service is another. With an upcoming renovation of the store, 
the owner plans on changing interior, exterior as well as certain processes in firm. These 
processes mostly concern the service activity which needs to be automated to a certain 
extent to help transfer the knowledge and experience of the owner to the employees. 
The results brought up by this thesis will be one of the prospects taken under 
advisement by the owner. 
Graph number 1: Percentage of sales by activity 
 
Source: internal documentation of MVP 
 
From the graph above it is possible to deduce the significance of each activity when it 
comes to sales. Graph does not differentiate between the sales of new and used devices, 
since this activity is not the subject of this paper, its detailed analysis is deemed 
unnecessary.  
 
However, the section that represents service is one of note and with its participation on 
the sales reaching almost one fifth, it can be assumed that any improvement in the area 
of service will reflect considerably on the overall performance of the firm. 
 
 
40% 
42% 
18% 
Sales 
Mobile phones
Accessories
Service
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2 Current situation analysis 
 
As mentioned above, one of the four activities of MVP – service is an important one 
and furthermore it is the one that needs the most attention.  This thesis focuses on 
developing a systyem that would help in store employees better evaluate the extent of 
the service needed.  
 
In the Czech Republic a contract between a provider and a costumer that concerns repair 
needs to follow certain rules. The price needs to be estimated and it cannot be exceeded 
by more than 30 %. In case that happens, a customer needs to be contacted and the 
terms need to be renegotiated. This, however, poses a problem since a typical customer 
does not appreciate a price increase after being promised a lower price. On the top of 
that the limit of 30 % is arguably very high and customers do not appreciate having to 
pay almost a third more without even being notified. The aim of this paper is to try 
prevent these issues and configure a system that would help the personnel estimated a 
more precise price for the customers so that the actual prices would not deviate that 
much from what was really agreed upon. 
 
In order to demonstrate the severity of the issue see graph number two. 
Graph number 2: The percentage of repairs incorrectly priced 
 
Source: Internal documentation of MVP, constructed by author 
85% 
10% 
5% 
% repairs incorrectly priced 
Price unchanged
Price change within 30 %
Price changed over 30 %
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From the graph above comes forth that the out of all repairs only a small portion is 
billed at a different price than the one discussed with the customer. However, based on 
the information given in the first chaper, it can be assumed that the more costly the 
repair the more difficult it actually is to determine the correct cost. This notion can be 
further validated by graph number three. 
 
Graph number 3: Sales made on repairs 
 
Source: Internal documentation of MVP, constructed by author 
 
It can be indeed stated that the more costly repairs are usually the ones being 
underpriced hence mere 15 % of repairs stand for one quatre of revenues. Based on this 
figure it can be argued that better management of service can significantly improve the 
rate of error when it comes to estimating the cost of a service and thus improve the 
relationships with customers. 
 
0%
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priced repairs
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priced repairs
75% 
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2.1 Current state of service handling 
Currently almost all processes and transaction as well as service price estimation are 
being handled by the employees of Mr. Valenta who is otherwise occupied and cannot 
run the shop himself.  
 
Mr. Valenta has given instruction as how to evaluate the service of a mobile device, 
since the service/repair is not, with an exception of very minor repairs, being done by 
the store personnel but by the technician. The instructions give an outline what to look 
for or rather what to take into account when a customer asks them to have his/her phone 
fixed. The criteria are ordered downwards according to their priority/importance, they 
are as follows: 
 
ü The type of spare parts customer is interested in 
ü The type of the device/phone that needs to be repaired 
ü Original or generic parts 
ü Time demand of a service 
ü The state the device is in – exterior  
ü The time span for the repair 
 
These are the main things to look for when estimating a price, the guideline is though 
very general and in reality when a customer comes with a broken phone that complies to 
a certain degree with all above mentioned criteria, it is very difficult to determine what 
takes precedence and what the actual cost might be. There are also other factors that 
influence the price promised, among others, it is the act of price negotiating itself and 
the fact that the customer pursues the lowest price possible. It is the goal of this paper to 
present a solution that would give the personnel a better idea of how costly the service 
really might be. 
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3 Fuzzy logic 
 
Fuzzy logic is an advanced method that tries to avoid shortcomings of the conventional 
methods which assume that there is “set” and there is an “element” and an element 
either belongs to the set – commonly assigned with value “1”, or it does not belong to 
the set – commonly assigned with value “0”. Fuzzy logic, first defined by Lotfi Zadeh 
in 1965, in pursuit to mimic humanlike thinking or rather decision making in an ever-
changing environment does not only concern itself with whether an element actually 
belong/does not belong but also with the question : “to what degree does it belong?”. 
[Dostál, 2008] 
 
More business related definition could be seen at Investopedia: “A mathematical logic 
that attempts to solve problems by assigning values to an imprecise spectrum of data in 
order to arrive at the most accurate conclusion possible. Fuzzy logic is designed to 
solve problems in the same way that humans do: by considering all available 
information and making the best possible decision given the input. “[ Investopidea. 
2013] 
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3.1 Fuzzy logic system 
Fuzzy logic, as described in the previous paragraph, tries to mimic human logic and it 
does so in three main steps, see picture number two. 
 
Picture number 4: FUZZIFICATION, fuzzy INFERENCE, DEFUZZIFICATION 
 
Source: freely accessible on the internet 
 
FUZZIFICATION 
The first step – “fuzzification” is a process used to transform numerical values – 
number into linguistic values – words/expressions. Variables usually have up to 7 
attributes and their level or degree of belonging is expressed by mathematical functions. 
Good example could be a “time consumption of a repair” which all by itself is a 
variable, its attributes could be minimum (on the spot repair) TC (time consumption), 
low TC, medium TC and high TC. [Dostál, 2009] 
 
The degree of belonging can be illustrated my membership functions, these can take 
various shapes, picture number 3 displays some of the most common ones. 
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Picture number 5: Membership functions S, Z and Pi. 
 
Source: freely accessible on the internet 
 
Fuzzy inference 
The task of this process is to determine the behaviour of the system based on the 
conditional clauses <IF>, <THEN>, <WITH>. [Dostál 2008]  These clauses, simply 
put, tell the system that if input equals “x” then the output equals “y” with a weight “s”.  
 
[Dostál, 2008] further defines fuzzy inference as follows: “The fuzzy rules represent the 
expert systems. Each combination of attribute values, that inputs into the system and 
occurs in the condition IF THEN WITH represents one rule. Further it is necessary to 
determine the degree of supports for each rule; it is the weight of the rule in the 
system…..” 
DEFUZZIFICATION 
As the first step, also the third one helps with results interpretation and is used to 
transform numerical values into linguistic ones.  It is not only that, but also the fact that 
the calculations of the system need to be expressed verbally to the best of their ability. 
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4 Proposals and contribution 
 
The aim of this chapter is to apply “fuzzy logic” in order to help evaluate the cost of a 
service provided. To achieve this objective input data need to be determined.  The data 
takes on a form of “input variables”, these variables carry a different weight depending 
on what type of issue needs to be solved. 
 
In the process of assigning variables with a certain weight, the role of the person 
assigning them is crucial. The weight each parameter carries will have an impact on the 
final solution. In the case of this thesis, all input parameters were profoundly discussed 
with Mr. Valenta, the owner of the shop and at the same time the person that has the 
greatest inside into how the service functions. Still, all the parameters and their weight 
were given a lot of thought and were assigned a certain number of points that should 
reflect the above mentioned importance.  
 
4.1 Input data and variables 
The following subchapter lists out all the input data needed to assess the severity and 
subsequently the cost of a service/repair. The input data are as follows: 
 
Type of phone 
This parameter is of great importance and takes also one of the top spots in the service 
guideline given to employees by the owner of MVP.  The decisive factor for this 
variable is the “type of a phone” in this case the brand will suffice, since the cost of 
service among particular models of one brand do not differ much but the cost of service 
among the brands differs considerably. 
 
The point distribution that represents the cost of repair per brand and was assigned by 
the owner looks as follows: 
§ Apple – 150 
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§ HTC – 120 
§ Samsung – 100 
§ Sony – 80  
§ LG – 80 
§ Nokia – 70 
 
The shape of the value function of this variable is displayed in the graph number 4: 
 
Source: Constructed by author 
 
For later application of this input in MATLAB it is advisable to regroup the, above 
mentioned, brands into groups in relation to their impact on the final cost of the service. 
3 different groups will be used, each representing brands with similar cost. In our 
service-related case Apple AND HTC are considered “Expansive” brands, Samsung is 
considered a “Standard” brand and Sony, LG, Nokia are classified as “Cheap” brands. 
 
Type of component 
The type of component that, according to the owner’s words, is often the most 
important criterion when evaluating a service. The aim of this variable is to give the 
user an implication of how demanding and costly the service will be, based on the fact 
what parts seem not to be working. There are 8 most common hardware problems. 
150 
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80 80 
70 
0
20
40
60
80
100
120
140
160
Apple HTC Samsung Sony LG Nokia
Brand of phone/weight 
Brand of phone/weight
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§ Phone cover - 50 
§ Touch-screen (not display) - 200 
§ Display - 250 
§ Speakers - 100 
§ Microphone - 120 
§ Battery/accumulator - 10 
§ Charging system - 150 
§ Motherboard – 300 
 
Illustration of the component variable is given by graph number 5: 
 
Source: Constructed by author 
 
Naturally, for the purposes of calculation in programmes using fuzzy logic, also the 
types of components will be categorized according to their cost. Motherboard, display 
and touch-screen are considered “Expansive”, charging system is considered “standard” 
and Microphone, speakers and batteries are considered “cheap”. 
 
Originality of the components 
Other variable that needs to be taken into consideration is whether the costumers prefer 
the damaged parts to be replaced with original or generic parts. Original parts are 
300 
250 
200 
150 
120 
100 
10 0
50
100
150
200
250
300
350
Type of component 
Type of component
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commonly more costly than the generic ones. While this is true, there are also other 
possibilities how to handle spare parts, original parts can be further categorized as 
customized or non-customized, these are differentiated based on the fact whether the 
parts used for the repair were originally meant for the specific model. In case they were, 
they are for all intends and purposes considered original-customized carrying the 
biggest weight with relation to the cost evaluation of service. 
§ Original – 100 
§ Generic – 0 
 
Graphic illustration of the value function is given by graph number 6: 
 
Source: Constructed by author 
 
Time Consumption 
The technician that handles all the service at MVP is a highly qualified and expensive 
resource, the time needed to fix the phone reflects on the final cost.  
§ On the spot (in-store personnel) – 0  
§ 10+ Hours  - 100 
§ 3 to 10 hours  - 60 
§ Under 3 hours  – 20 
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20
40
60
80
100
120
Originality of components 
Originality of components
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The value function for this variable is depicted in the graph number 7:
 
Source: Constructed by author 
 
The state of device 
 
The actual appearance of the phone when a customer brings it in is also important, since 
it can be indicative of the extent of the damage and thus reflect on the severity of the 
repair needed. 
§ Poor – 50 
§ Mediocre - 25 
§ Good - 0 
 
 
 
 
 
 
 
 
 
 
 
0 
100 
60 
20 
0
20
40
60
80
100
120
On the spot >10 3 to 10 <3
Time Consumption 
Time Consumption
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Illustration of evaluation of this variable is presented by graph number 8: 
 
Source: Constructed by author 
 
Time span of the service 
This variable is an exogenous one, usually at MVP most of the services are being 
handled within three business days, however, customers can negotiate different terms. 
In case a customer needs his or her phone fixed promptly, the order needs to be sped up 
and given a higher priority, this puts an extra pressure on the workload of the technician 
and results in a higher cost. The parameters are as follows: 
§ On the same day - 50 
§ Till the next business day – 30 
§ Unspecified - 0 
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Illustration of the evaluation function presents graph number 9: 
 
Source: Constructed by author 
 
4.2 Possible solutions  
In order to provide a solution that would help the in-store personnel at MVP determine 
the extent of the service and therefore better estimate the final price, software able to 
work with fuzzy logic is needed. In this thesis two main software tools are used. Firstly 
it is MS Excel, commonly known application from MS office and MATLAB, 
specifically Fuzzy logic toolbox.  
 
MS Excel is software that allows the user to handle tables, graphs, functions etc. Using 
these seemingly simple tools it is often possible to solve even rather sophisticated 
methods, such as fuzzy logic. [Information Technology Department, 2013] 
 
The second software used in this thesis – MATLAB is a very complex program that can 
be used for simulations, high-level calculations or algorithms. One of the MATLAB’S 
features is also so called “fuzzy logic toolbox” which allows the user to create solutions 
based on this logic, it is highly sophisticated and a full-fledged fuzzy logic solution is 
very difficult to program and often takes lot of experts and time to be developed. 
[MathWorks, 2013]   
50 
30 
0 0
10
20
30
40
50
60
The same day Till next day Unspecified
Time span of the service 
Time span of the
service
  31 
 
5 Solution using MS Excel 
In order to evaluate the extensity of service needed and thus its cost using MS Excel, it 
is needed to set up several matrices which will help to determine the results after the 
relevant date will have been put in. 
 
Firstly the construction of an “input state matrix” is needed, this matrix collects the 
data/inputs needed to assess the extent of the service needed. In this case the state input 
matrix is displayed below. 
 
Table number 1: The state input matrix 
 
Source: Constructed by author 
 
In order to weigh the variables in a correct way a transformation matrix is used, it is 
essential to repeat that the weights – points ascribed are based on the preferences or 
rather experience of the assessor – in this case the owner of MVP. The transformation 
matrix is displayed below: 
 
Table number 2: The Transformation Matrix 
 
Source: Constructed by author 
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The two matrices mentioned above are used for all orders. To be able to calculate the 
extent of the service we also need a matrix that analyses the problems that need fixing 
and this has to be done specifically for each order/device.  This matrix is directly linked 
to the input state matrix and only thing that is needed is to manually put in whether a 
parameter is or is not consistent with the reality. For illustration a very simple example 
is used, it concerns a service of an undamaged Samsung smartphone that only needs a 
new battery. See table number 3: 
Table number 3: Yes/No input state matrix 
 
Source: Constructed by author 
Table number 4: Input state matrix 
 
Source: Constructed by author 
 
After the service was analysed a numerical interpretation is needed. That can be 
achieved by assigning “1” to every “yes” and a “0” to every no. The result looks as 
pictured below. 
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Table number 5: Numerical value matrix 
 
Source: Constructed by author 
 
The final result as to whether the service is extensive and more costly or minor and 
cheap can be calculated by scalar multiplication of the transformation matrix and 
numerical input state matrix. In MS Excel the corresponding function is called 
“SUMPRODUCT”. 
 
5.1 Concrete Solution - MS Excel 
In order to obtain the scope of possible results, the method of extreme scenarios has 
been used. This is needed mainly because the maximum total in the transformation 
matrix does not fully reflect the reality. It is important to take yet another look at the 
input variables. 
 
The first variable is the “type/brand of a phone”, in this case there is indeed only one 
choice in-store personnel can put it. (device can be either Samsung or HTC, no 
intermingling is possible) The same can be said about the other variables with an 
exception of the “type of component”, in case of which several possibilities may be 
valid at once. Before accepting a service and giving an estimate on the price a routine 
check-up of the device takes place. All employees at MVP have been instructed how to 
perform the check-up and it helps them to list the components that may be 
dysfunctional. In reality there is only a limited amount of information an in-store 
employee can get, it is up to the technician to precisely evaluate the damage. 
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Nevertheless, the “type of component” variable or rather its maximum point value is 
believed to be insufficient, instead a sum of points assigned to all possibilities within the 
scope of this variable is used. See table number 6. 
 
Table number 6: The modified maximum of the transformation matrix 
 
Source: Constructed by author 
 
The result for the new maximum is 1550. This is the worst or, in other words, the most 
costly service. Verbally expressed this would be an Iphone (apple), in a very poor state 
which is, after the first diagnostics – check-up, probably in need of new motherboard, 
touchscreen, display, speaker, microphone, battery, charging system and cover. 
Furthermore the service will probably take more than 10 hours and the customer needs 
to have it fixed on the very same day the order was submitted.  
 
It can be assumed that such an order would be very hard to comply to and it should be 
considered an extreme. The opposite side of the scale would be the sum of the minimum 
point evaluations, the result of which is 100. [See Appendix 2] 
 
The final output matrix is counted in points that can range from 100 to 1550. In order to 
obtain a result in form of a percentage (which is advisable for a better comparison with 
other fuzzy logic applications), a modification is needed. The maximum number of 
points – the most costly service less the minimum point count – the least costly service, 
gives us a number which will be used in the denominator of the fraction where the 
nominator will be filled in by the actual point count thus giving a result in form of 
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percentage which can be interpreted as a degree of seriousness of the service. The 
matrix looks as follows: 
 
Table number 7: Output matrix numerical-linguistic 
 
Source: Constructed by author 
 
5.2 Solution Validation Example 
The calculations presented in the previous subchapter will be used to evaluate the extent 
of a service needed for an order received on Monday, August 12. 2013. 
 
The order was as follows: 
· Costumer brought a Samsung Galaxy Ace to the shop, complaining that 
he/she dropped it and that the display would not turn on. 
· Check-up revealed that the battery is intact and so is probably the 
motherboard, charging system appeared to be nominal as well.  
· Cover was apparently damaged from the drop, although display did not 
show apparent damage it would not start – assumption is that both 
touchscreen and display might be broken. 
· Since it is impossible to control the phone without a functional display, an 
assumption was made, that speaker and microphone had been damaged as 
well. 
· Costumer did not ask for any preferential settling of the order 
· According to the internal guidelines based on the owner’s experience with 
similar services, the time needed to fix this particular phone was estimated 
for 4 hours. 
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· The cover was damaged but the display was not cracked so the state of 
phone was evaluated as mediocre. 
· Costumer wants to know an estimate of the cost of the repair of his/her 
phone and in case of replacement wants customized original parts to be 
used. 
 
In order to be able to promptly estimate the price, an employee could use the MS Excel 
application, in this case it was done by the author. First it is needed to fill in the input 
state matrix (by the employees casually referred to as yes/no chart – “ano-ne-tabuka”) 
[See Appendix 3] 
 
When the data input is done, the final point evaluation of the service is automatically 
displayed right next to the matrix and also the linguistic reference is shown giving an 
employee an outlook of how serious/demanding/costly particular service is. 
 
The result of this concrete example was 955 points or extent of 65.86 %, classifying the 
order as extensive. As illustrated on the picture below. 
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Picture number 6: Excel example 1 result 
 
Source: Constructed by author 
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6 Solution using MATLAB  
This is the second program that is used to evaluate the seriousness of a service at MVP, 
it was developed by MathWorks. The feature of MATLAB used in our case is “fuzzy 
logic toolbox”. This toolbox offers three different editors and two viewing options.  
 
The interface of MATLAB shows several windows, the biggest and for the purposes of 
this thesis the most important one, is the command window. The interface of MATLAB 
is depicted on the picture below.  
 
Picture number 7: MATLAB primary interface 
 
Source: Constructed by author 
 
In order to launch the fuzzy logic tool box, which is the only feature needed in this 
paper we can simply put in a command into the command window, the command is 
“fuzzy” as illustrated on the picture above.  This particular command launches so called 
“FIS Editor” which allows the user to edit input and output variables ranges and other 
parameters. 
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6.1 FIS EDITOR 
 
This is the first editor (Fuzzy inference system) that allows the user to insert different 
variables on the input as well as on the output side. The clear interface offers only one 
input and one output variable. [See Appendix 4]  The subject of this thesis evaluates the 
seriousness of service at Mobilshop Valenta Petr and is respectively called FIS-MVP. 
For the evaluation of service at MVP 6 input variables and 1 output variables have been 
used, as illustrated on the picture below. 
 
Picture number 8: FIS-MVP 
 
Source: Constructed by author 
 
6.2 MF Editor  
This is the second editor that can be used to define the number, type, range and 
parameters of membership functions (MF) in case of each variable. It can be easily 
launched by double-clicking on one of the variables. Next picture shows the 
membership functions of the variable “cost of brand”. 
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Picture number 9: Membership functions of the cost of brand variable 
 
Source: Constructed by author 
 
The range that the membership functions span over is 0-100, this has been set up in 
order to reflect the percentages used in Excel. The range on the „Y“ axis reaches from 0 
to 1, “0” representing the absolute invalidity and “1” representing absolute validity of 
the particular membership function. 
Similarly the membership functions of the output variable have been programmed. The 
output variable in case of service evaluation at MVP is shown on the picture below. The 
membership functions of all variables have been constructed to represent well the 
behaviour of the input. [See Appendices 5 to 10] 
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Picture number 10: Membership functions of the output variable 
 
Source: Constructed by author 
 
6.3 RULE EDITOR 
 
This editor has a significant purpose, it is used to define the fuzzy rules that influence 
the behaviour of the entire model. Defining these rules is the most challenging task 
when working with fuzzy logic toolbox, it takes lot of time and effort and it is often 
needed to use an “error and trial” method in order to obtain a well-functioning model. In 
reality this is predominantly done by teams of experts. 
 
This editor offers two ways how to put in the rules. Firstly it can be done by using a 
source code. This way is mainly used in case of highly sophisticated models and is often 
preferred by experts. It, however, can be properly operated only by someone with 
considerably deep knowledge of programming. 
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The second way to define the fuzzy rules is to used so called “graphic user interface” 
abbreviated as GUI. This interface is very user-friendly and does not require any special 
skills to be operated. In case of simpler models GUI system can be also quite effective 
and it is also the system used to define fuzzy rules in this thesis. The rule editor looks as 
shown on the picture below. 
Picture number 11: Rule editor MVP 
 
Source: Constructed by author 
 
In this editor it is possible to connect the particular variables using “and” or “or” 
conjunctions. The linguistic form of the rules appears in the box in the upper part of the 
window, rules can be easily deleted or change simply by using buttons in the lower part 
of the window. 
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6.4 Surface viewer 
 
One of the two viewing tools of the fuzzy logic toolbox is also a surface viewer. This 
particular viewer graphically displays the dependence of two variables on the output. 
These can be any two variables from all variables defined. The picture below represents 
the surface view of the variable “cost of brand“ and the variable “cost of components” 
and their relation to the evaluation. From the picture comes forth that both of these input 
carry a significant weight and if they reach high values, approximately above 90 %, the 
evaluation reaches almost 80 % classifying the service as extensive. 
 
 
Picture 12: Surface view, cost of brand and components 
 
Source: Constructed by author 
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6.5 RULE VIEWER 
Another viewing tool offered in the fuzzy logic toolbox is the rule viewer. Its primary 
purpose is to validate the functionaly of the defined rules and see their graphical 
interpretation. In the columns on the picture below there are postured the particular 
variables meanwhile in rows all the pre-defined fuzzy rules can be found.  
Picture number 13: Rule viewer 
 
Source: Constructed by author 
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7 Real order evaluation 
 
In this chapter real cases of a service evaluation are presented. These cases have been 
selected from the service orders received during the last month, all of the orders have 
already been finalised and a final price was determined by the technician. The samples 
need to be up to date in order to reflect the most recent prices so that it is possible to 
derive a price range in Czech Crowns for all of the three possible outputs, minor, 
medium and extensive. 
 
The goal of this chapter is not only to determine the price ranges for different levels of 
seriousness of the service provided but also to test the functionality of both MS Excel 
and MATLAB – fuzzy logic toolbox models.  There will be 3 orders in total, their 
specifications are listed below. 
 
Order number one 
 
· Type of phone – Nokia 6300 (Excel – 70 pnts, MATLAB – 46,7%) 
· Type of component – Microphone (Excel – 120 pnts, MALAB – 10.2%) 
· Originality – Origina-non-customized (Excel 50 pnts, MATLAB – 50%) 
· Time consumption – 30 min (Excel 20 pnts, MATLAB 20%) 
· The state of device – Good (Excel 0 pnts, MATLAB none) 
· Time span – unspecified (Excel 0 pnts, MATLAB none) 
Final cost of the service was 300 CZK. 
 
Order number two 
 
· Type of phone – HTC Explorer (Excel 120 pnts, MATLAB – 80%) 
· Type of component – Touchscreen (Excel – 450 pnts, MATLAB – 38.2%) 
· Originality – original customised (Excel – 100 pnts, MATLAB – 100%) 
· Time consumption – 4 hours (Excel – 60 pnts, MATLAB – 60%) 
· The state of device – Poor (Excel – 50 pnts, MATLAB – 100%) 
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· Time span – unspecified (Excel – 0 pnts, MATAB – none) 
The final price of this service was 1000 CZK. 
 
Order number three 
 
· Type of phone – iPhone 4s (Excel 150 pnts, Matlab – 100%) 
· Type of component – Touchscreen, Charging system (Excel – 600 pnts, 
MATLAB – 51%) 
· Originality – original non-customised ( Excel – 50 pnts, MATLAB – 50 %) 
· Time consumption – 5 hours (Excel – 60 pnts, MATLAB – 60 %) 
· The state of device – Poor (Excel – 50 pnts, MATLAB – 100%) 
· Time span – unspecified (Excel – 0 pnts, MATAB – none) 
The final price of the service was 2500 CZK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  47 
 
7.1 MS EXCEL 
 
In this subchapter real orders will be evaluated using MS Excel, the results are 
displayed in point value as well as in percentage which will be the primary value used 
to compare the results given by Excel and MATLAB. The specifications of this order 
inserted into to the yes and no matrix are shown on the second picture below and so is 
the result itself. The input data are displayed on the first picture below. 
 
Order no. 1 
Picture number 14: Input data 
 
Source: Constructed by author 
 
The second row of the table above shows the point evaluation of the particular inputs, 
the last row then gives the same information in form of percentages. 
 
Picture number 15: Order 1 yes and no matrix and evaluation result 
 
Source: Constructed by author 
 
Order number one was classified as a “Minor” service. Its price was 300 CZK. 
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Order no. 2 
 
In case of this service, there are a couple of things that need further explanation. Firstly 
a broken touch-screen automatically reflects in a poor state of the device, an employee 
does not need to imply the bad state of the phone any further. Next assumption is, that if 
the touch-screen is broken, so is the display. This may sound a bit peculiar but 
according to the technician at MVP, that is how it works.  
 
On the second picture below are shown all the input criteria alongside with the result. 
The first picture below presents input state matrix for the second order. 
 
Picture number 16: Input state Matrix 
 
Source: Constructed by author 
 
Picture number 17: Order 2 Yes and No Matrix and evaluation result 
 
Source: Constructed by author 
 
Using excel fuzzy logic tools the result of 780 points or 53.79 % was acquired, 
classifying the service as Medium. The final cost of this order was 1000 CZK. 
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Order no. 3 
 
In the case of this service it is important to realise that the damaged or the seriousness of 
the repair is very hard to identify. Again damaged touchscreen automatically means that 
also the display needs replacing, on the other hand the malfunctioning of the charging 
system is quite easily discovered. The picture below shows the input state matrix and 
then  the evaluation result of this particular order. 
Picture number 18: Order 3 input state matrix 
 
Source: Constructed by author 
 
Picture number 19: Order 3 Yes and No Matrix and evaluation 
 
Source: Constructed by author 
 
The evaluation of this service is 910 points or 62.76 %, which according to the scale 
described in previous chapters categorizes the service as extensive. The final cost of this 
particular order was 2 500 CZK. 
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7.2 MATLAB  
 
The goal of this subchapter is to evaluate the previously mentioned orders once again. 
The input system works a little bit differently since the interface of the fuzzy logic 
toolbox differs a lot from MS Excel but the principles the model is built on are the 
same.  
 
In MATLAB the input variables look a bit differently. The cost of brand input 
corresponds with the brand of phone used in Excel. This variable is the same in both 
applications, it only differs in form, instead of the brand being “APPLE” we put in a 
cost of brand “EXPANSIVE” which is indeed the same thing because the only thing the 
two models are interested in is the relation to cost and both Apple and Expensive refer 
to a higher cost of service. 
 
Similarly works the variable “cost of components” which again simply refers to the cost 
of the service. The same approach has been used in case of all variables. The specificity 
of fuzzy logic toolbox is its ability to determine the results even when the borders 
between given parameters are obscure. In case an input variable reaches the level of 40 
%, FLT (Fuzzy Logic Toolbox) can classify it as either cheap or standard or as good or 
mediocre depending on the linguistic form of the particular variable. 
 
Order number 1 
 
Firstly input date matrix will be displayed, see picture below. In case some data was not 
included in the service description, it will simply be omitted. Point evaluation given by 
the owner is represented by the percentages, this purely a difference in form of data and 
has no impact on the input variables whatsoever.  In this particular case the cost of 
brand is cheap, however, the percentage may seem quite high, this is due to the fact that 
despite Nokia being a cheap brand it is still very close to the cost of other brands. This 
has naturally been reflected on the shape or rather range of the membership function of 
this variable, for comparison see picture below the table. 
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Picture number 20: Order 1 input data 
 
Source: Constructed by author 
 
Picture number 21: MF Cost of Brand 
 
Source: Constructed by author 
 
From the picture above it is apparent that cheap brand reaches up to the range of 60 and 
thus includes the value 46.7 %.  The result of the evaluation of the first order can be 
seen on the picture below. 
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Picture number 22: Order 1 MATLAB result 
 
Source: Constructed by author 
 
From the picture comes forth that using MATLAB the evaluation of the first order 
reached the value of 31.9 %, classifying the order as MINOR. 
 
Order no. 2 
 
The input matrix for the second order looks as follows: 
Picture number 23: Input matrix 
 
Source: Constructed by author 
 
The cost of components variable is almost 40 %, this comes from the fact that broken 
touchscreen, even though it does not implicate a broken display, needs to be replaced 
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with display nevertheless – it is technically impossible to separate the two. The result of 
the evaluation of the second order is displayed on the picture below. 
 
Picture number 24: Order 2 evaluation  
 
Source: Constructed by author 
 
The evaluation of the second order using MATLAB gains the value of 48.5 %, 
classifying the order as MEDIUM. 
 
Order no. 3 
 
The third order was calculated based on the following data. 
Picture number 25: Input data matrix 
 
Source: Constructed by author 
 
As mentioned in the previous chapter, even though it is known that the service concerns 
iPhone – particular model of a phone, in case of cost or seriousness of the service 
calculations it is possible to use brand name – apple, since the costs among single 
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models do not differ that much, however, they do differ considerably among the brands. 
The evaluation of the third order is displayed on the picture below. 
 
Picture number 26: Order 3 evaluation 
 
Source: Constructed by author 
 
The result of the evaluation using MATLAB is 78.4 %, classifying the service as 
EXTENSIVE. 
 
7.3 Results summary 
 
The goal of this subchapter is to aggregate results from all three orders that were, as 
mentioned above, based on the invoices for actual services at MVP.  The aggregated 
results are portrayed in the table below. 
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Table number 8: Results by Excel and by MATLAB 
order
0 Percentage Evaluation Percentage Evaluation
1 22.76% Minor 31.90% Minor yes
2 53.79% Medium 48.50% Medium yes
3 62.76% Extensive 78.40% Extensive yes
MS Excel MATLAB
Agreement
 
Source: Constructed by author 
 
From the table comes forth that both programmes evaluated all three orders in the same 
way and thus were in an agreement. There are, however, arguably high differences in 
the percentages, these will be commented on later in the text. 
 
It is further important to emphasize that these three particular service orders were not 
selected randomly. Out of circa 50 invoices from last month Mr Valenta, the owner of 
Mobilshp Valenta Petr, chose three that would be typical or the most representative of 
each of the groups according to seriousness or cost. Both programmes MS Excel and 
MATLAB supported the owner’s notion that the order number one is minor, order 
number two medium and the third order extensive. This not only implies that the effort 
to mimic human decision was a success but it also presents us with an opportunity to set 
up a framework for price estimation.  
 
Based on the evidence given above in the text and validated by the calculations in two 
separate and unrelated programmes, it can be assumed that a “typical” service which is 
classified as MINOR would probably cost the customer around 300 CZK, certainly it 
would not exceed 1000 CZK. Subsequently a service order classified as MEDIUM 
would be correctly estimated around 1000 CZK, it might be cheaper or more expansive 
but the final cost is highly unlikely to exceed 2500 CZK. Naturally service orders 
classified as EXTENSIVE should not be estimated under 2000 CZK, their typical cost 
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is 2 500 CZK and the upper price limit is, in this particular case, the value of a new or 
rather equivalent device.  
 
One of the goals pointed out at the very beginning of this thesis was to try to develop a 
software solution that would not only serve a given purpose but would be also user-
friendly and could be used swiftly. In order to meet this objective it was necessary to 
fine-tune certain processes. Firstly there is always a need to fill in the “yes and no 
matrix” which is quite time consuming and a lot of precision is needed, since only a 
single typing error can reflect on the result considerably. In order to avoid such missteps 
a list option button was added. See picture below. 
Picture number 27: List option 
 
Source: Constructed by author 
 
It is now possible to selected one of the predetermined options and thus avoid a mistake.  
 
There is also one other main thing that was slowing down the calculation process in 
MATLAB considerably, this was the input method in the graphical user interface, 
abbreviated as “GUI”. There are two ways how to put the data in, one is to manually 
shift the bars that cross the rules. [See picture below] 
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Picture number 28: Data input 
 
Source: Constructed by author 
 
The other way is to put in simply the parameters of each variable in a numerical form 
which needs to have parentheses at each side. See picture below. 
 
Picture number 29: Parameters input 
 
Source: Constructed by author 
 
The first way – shifting the bars is very imprecise and even with a 3500 dpi mouse it is 
impossible to hit the correct value. The second way – typing the parameters is of course 
very accurate, it, however, appears to be really clumsy and it takes valuable seconds to 
sneak the mouse pointer in-between the numbers and parentheses. That is the reason 
why a small table was constructed in MS Excel which is directly linked to the 
transformation matrix and automatically changes number format from percentage to a 
general number and together with both parentheses can be easily copy-pasted in the 
input window – see picture below. 
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Picture number 30: Excel table 
 
Source: Constructed by author 
 
These are two examples of the minor tweaks that have though significant impact on the 
pace of the work with the programs.  
 
7.4 MS Excel MATLAB Comparison 
 
The focus of this subchapter is to compare the two programs and the results they 
generate. As mention in the previous text both programs handle fuzzy logic, in other 
words they are used to find a solution where precise and accurate logic systems fail. In 
this perspective a lot depends on the person designing the models and teams of experts 
are usually assigned to handle more advanced tasks. Put simply, this thesis aims to 
mimic the decision making process of the owner of MVP when it comes to evaluating 
the severity of the service. This knowledge, experience and know-how have also been 
the basis for the construction of the two models. Their purpose is to help the personnel 
decide quickly and accurately on the cost and thus minimize the number of wrongly 
estimated orders. 
 
The results acquired by both models are illustrated by the graph below, green columns 
represent the Excel result and the grey ones MATLAB. 
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Graph number 9: Results in MS Excel and In MATLAB 
 
Source: Constructed by author 
 
It is apparent from the graph that the result from both MS Excel and MATLAB 
correlate to a high degree. According to the predefined scale: 
Ø 0-35 % - Minor 
Ø 35,1-60 % - Medium 
Ø 60,1 % + - Extensive 
 
Both of the programs have categorized the services to the same groups. There is a 
difference in the actual values, this can be ascribed to a whole variety of factors. In 
fuzzy logic the borders between assigned parameters overlap. Good example could be a 
truck that passes a gate which has a weight limit of 10 tonnes. Normally if the truck 
weighs 10 tonnes and 1 gram a program with clearly defined rules would not let it in, a 
fuzzy logic based program, however, would still consider it within a limit and let the 
truck through, the same thing a human would have done.  
 
The difference in results can be considered insignificant but notable and it can be 
simply associated with the difference between programs. Also the shape of the 
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membership functions defining the behaviour of the variables in case of MATLAB is 
highly subjective and can lead to different results.  
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8 Conclusions 
The goal of this thesis was to help employees at MVP improve the way how service of 
mobile phones is being handled. As mentioned above, there are four main activities that 
the Mobilshop is built on. It is important to realise that at times the significance of each 
activity differs. In particular case of service the fluctuations with regards to sales are not 
as volatile. Put simply, phones and also other mobile devices get broken even if the 
demand for them is plummeting. Based on this notion it can be assumed that service is 
sort of stabilizer and is therefore crucial for a good diversification of the MVP’s 
activities. 
 
This notion also explains a need for proper handling of the incoming orders and part of 
that surely is good, fast and accurate estimation of the extent of the repair. Costumers, 
who can be generally characterized as price sensitive, favour more precise estimation of 
the final cost of the repair. Furthermore it is necessary to avoid mistakes such as 
customers cancelling orders because of the wrong estimate, after the orders have been 
already under repair. Also giving a wrong estimate or an estimate in form of a wide 
price range might make customers take their business elsewhere. 
 
These are all reasons why a proper software solution is necessary.  It was the aim of this 
thesis to develop two models that work on principles of fuzzy logic. Programs used 
were MS Excel and MATLAB. Based on the results of all the examples it is assumed 
that this objective has been met. 
 
Another goal was also to ensure that the designed models can be used swiftly and do not 
require excessive programming in order to generate a result. Adjustments to the models 
have been made that make it easier to input necessary data and thus is this objective 
regarded as met as well. 
 
In this chapter it is also important to bring out issues that needed or even could not be 
resolved and to list out shortcomings that the designed models have. Firstly, MS Excel 
does not take into consideration the possible obscurity of the borders between particular 
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parameters of a variable. This was most apparent in case of assigning time consumption 
of a service. This variable is a very versatile one and time consumption can reach from 
couple of minutes up to several hours. This could not be represented using Excel since it 
would lead to an enormous number of possible input and the model would be very 
difficult to design. MATLAB on the other hand has a feature that allows the developer 
to insert a shape of a membership function. These functions can overlap and thus reflect 
possible deviations from the input. Time consumption of 5 hours belongs to a category 
3-10 hours, this category contains almost all more serious repairs and it was set up that 
it would do just that, since numbers of hours needed to fix a phone can differ 
significantly.  
 
Other possible shortcoming might be a difficult interface in MATLAB, specifically, the 
fuzzy logic toolbox which is quite hard to use, especially when the user is not skilled at 
programming. 
 
Overall I do believe that the goals of this thesis have been, to a higher or lesser degree, 
achieved. The model that is suited the best for evaluation of the extent of the repair 
would be MATLAB. Although the design has to be well set up, for a simpler solution I 
would recommend using MS Excel. 
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